Objective: To determine the path of growth of girls who later develop coronary heart disease. Design: Follow up study of girls whose body size at birth, during infancy, and childhood up to age 12 years was recorded. Setting: Helsinki, Finland. Participants: 4130 girls who were born between 1934 and 1944, attended child welfare clinics in Helsinki, and were still resident in Finland in 1971. Main outcome measure: Hospital admission or death from coronary heart disease. Results: In comparison with boys in the same cohort who later developed coronary heart disease the 87 girls were short at birth, rather than thin, had compensatory growth in height during infancy, became thin, and thereafter had a rapid increase in weight and body mass index. In a combined analysis the hazard ratios for coronary heart disease were 1.17 (95% confidence interval (CI) 1.03 to 1.32, p = 0.02) for each 1 cm decrease in length at birth, 1.52 (95% CI 1.23 to 1.89, p , 0.001) for each standard deviation score increase in body mass index after age 3 years, and 1.63 (95% CI 1.09 to 2.42, p = 0.02) for each decrease in level of education. Conclusions: Though broadly similar, the paths of growth associated with the later development of coronary heart disease differ in girls and boys. This may be because girls are less vulnerable to undernutrition in utero and are better able to sustain postnatal growth in an adverse environment.
T he growth of children who later develop coronary heart disease differs from that of other children. Studies in Europe, the USA, and India have shown that these children tend to have low birth weight as a result of slow intrauterine growth. [1] [2] [3] [4] [5] [6] [7] The association between low birth weight and coronary heart disease is thought to reflect persistence of changes in morphology and physiology that accompany slow fetal growth. The ''fetal origins'' hypothesis proposes that coronary heart disease originates through plasticity during development whereby undernutrition, hypoxia, or stress in utero initiate pathological changes that ultimately lead to clinical disease. 8 9 The hypothesis is supported by experimental observations in animals, which show that manipulation of the diet of pregnant animals leads to persisting changes in the offspring, which include raised blood pressure and altered liver function. 10 11 We have previously reported on a cohort of girls born in Helsinki during 1924-33, 4 whose growth during school years was recorded. Having been born with below average body size, the girls who later developed coronary heart disease were around the average for height and weight at age 15. At some point after birth they had therefore had rapid, compensatory growth, 9 and it was the combination of slow intrauterine growth, followed by rapid compensatory growth that led to disease. We examined the growth of boys in a younger cohort of 8760 children who were born in Helsinki during 1934-44 and for whom there were sequential growth data from birth onwards. The boys who later developed coronary heart disease tended to be thin at birth and to have low weight gain in infancy but to have rapid compensatory weight gain after the age of 1 year. 5 We now report on findings among girls.
METHODS
We studied girls who were born at Helsinki University Central Hospital during 1934-44 and who attended child welfare clinics in the city of Helsinki and were still resident in Finland in 1971. Details of the birth and child welfare clinic records have been described. 4 5 The clinic records include serial measurements of height and weight.
We identified 5486 women who had birth and child welfare records. Of these, 4130 (75%) were alive and living in Finland in 1971, when a unique identification number was allocated to each member of the Finnish population. Of these women 3136 (76%) went to school in Helsinki and had school health records. Details of school health records have been described. 12 They include measurements of height and weight recorded at periodic medical examinations from age 6 years onwards. Each girl had an average (SD) of 18 (10) measurements of height and weight between birth and 12 years of age.
Using the identification number, we identified all hospital discharges and deaths among the women during 1971 to 1998. All hospital discharges in Finland are recorded in the national hospital discharge register. All deaths are recorded in the national mortality register. Causes of hospital discharges or deaths were recorded according to the International classification of diseases, 8th revision (ICD-8) until 1986; thereafter, ICD-9 was used until 1995 and ICD-10 until 1998. The first three digits from the cause of admission or death were used to identify the occurrence of coronary heart disease (ICD-8 and ICD-9 codes 410-414, ICD-10 codes I21-I25).
Data on occupation at the 1980 census were obtained for 3406 (82%) of the women, and level of education, recorded at the 1970 census, was obtained for 3755 (91%) of the women through Statistics Finland. We grouped the women into three levels of education under a classification used by the Central Statistical Office: high (upper secondary and tertiary), middle (lower secondary), and low (primary). 13 For 3631 (88%) women we obtained data on taxable household income for the year 1980 from the national taxation register. For 3807 (92%) of the women the occupation of the father was recorded at the child welfare clinic.
We obtained approval for the study from the ethical committee of the National Public Health Institute, Helsinki.
Statistical analyses
We examined trends in hazard ratios with neonatal and childhood measurements and socioeconomic indices by using Cox's proportional hazards model. As in previous analyses, we converted each measurement of height, weight, and body mass index for each girl to a standard deviation or z score at each birthday. 12 z Scores represent the difference from the mean value for the whole cohort expressed in standard deviations. We did not assign a z score at a particular age if a girl had not been measured within two years of that age. Table 1 shows the characteristics of the 4130 girls at birth and at age 1 year. Seventy nine women had been admitted to hospital with coronary heart disease, of whom seven had died from the disease. A further eight had died without admission to hospital. We therefore analysed data on 87 women with coronary heart disease.
RESULTS
Size at birth and during infancy Table 2 shows hazard ratios for coronary heart disease according to body size at birth. The ratios were lower in babies with higher birth weight and birth length. Though the trends were not significant, their size was similar to those in the older cohort, which included 247 women with coronary heart disease. There were no significant trends with head circumference, ponderal index (birth weight/length 3 ) or length of gestation, but hazard ratios fell with increasing placental weight (p = 0.03). The hazard ratios were unrelated to body size at age 1 year. Figure 1 shows the growth, expressed as mean z scores, of the girls who later developed coronary heart disease. The mean z score for the cohort is set at zero, and a girl maintaining a steady position as large or small in relation to other girls would follow a horizontal path on the figure. Girls who later developed coronary heart disease, however, having been short at birth (table 2), grew rapidly in height up to the age of 1 year. In contrast their body mass indices fell and remained below average until the age of around 4 years, after which they began to rise progressively. Table 2 shows that the hazard ratios for coronary heart disease rose with increasing body mass index at age 11 years. We use 11 years for comparability with previous analyses but adjacent ages give similar results. After adjustment for body mass index at age 11 years, the trends in hazard ratios with birth weight and length became significant (table 2) .
Childhood growth
We examined the effects of increase in standard deviation score for body mass index. We used the age interval 3 to 11 years for comparability with previous analyses, but use of adjacent years gives similar results. In the past, 11 year old girls in Finland would not yet have reached menarche.
14 The average age of menarche at that time was around 14 years. A one unit increase in standard deviation score for body mass index between the ages of 3 and 11 years was associated with a hazard ratio for coronary heart disease of 1.56 (95% confidence interval (CI) 1.27 to 1.92, p , 0.001). The corresponding figure for weight was 1.58 (95% CI 1.25 to 2.01, p , 0.001) and for height 1.18 (0.88 to 1.59, p = 0.28).
In a simultaneous regression with change in standard deviation score for body mass index between ages 3 and 11 years, the effect of body mass index at age 11 years (table 2) was no longer significant. We examined the combined effects of short birth length and change in body mass index score, dividing the women into two groups according to whether the standard deviation score for body mass index had decreased or increased between ages 3 and 11 years. Table 3 shows that the hazard ratio for coronary heart disease was highest among women who were 49 cm or less in length at birth and whose body mass index score increased.
Living standards
Hazard ratios for coronary heart disease were higher among women whose fathers were in the lower social classes, but the trend was weak and non-significant (table 4) . Hazard ratios were, however, higher in women who achieved only a low level of education (table 4) . Education was strongly related to father's social class. Only 10% of girls in families in which the fathers were labourers reached the highest educational level, compared with 29% of other girls. Girls who achieved only low levels of education were similar to the others in body size at birth and in rates of increase in body mass index during childhood. Women who were in the lower social classes or who had low household incomes were not at increased risk of coronary heart disease (table 4).
Combined effects
The associations between body size and growth and later coronary heart disease (tables 2 and 3) were independent of any of the four socioeconomic indices. In a simultaneous analysis coronary heart disease was associated with short length at birth, rapid increase in body mass index score between 3 and 11 years of age, and low level of education. The hazard ratios were 1.17 (95% CI 1.03 to 1.32, p = 0.02) for each 1 cm decrease in length at birth, 1.52 (95% CI 1.23 to 1.89, p , 0.001) for each unit increase in z score for body mass index between ages 3 and 11 years, and 1.63 (95% CI 
DISCUSSION
We found that girls who developed coronary heart disease in later life had slow intrauterine growth that led to shortness at birth. This was followed by compensatory growth in height during infancy and rapid increase in body mass index during childhood (tables 2 and 3). Only 87 women in the cohort had developed coronary heart disease compared with 357 men in the same cohort. 5 Despite this relatively small number, the associations we found were large and significant. Compared with girls who were more than 50 cm long at birth and whose standard deviation score for body mass index decreased between 3 and 11 years, those whose birth length was 49 cm or less and whose body mass index score increased had five times the risk of hospital admission or death from coronary heart disease (table 3). These associations between coronary heart disease and measures of body size and growth in early life were independent of indices of living standards in childhood and adult life. A low level of education, however, increased the disease risk independently of growth (table 4) .
Limitations of the study
Of the girls we identified through birth and clinic records, 75% were still alive and resident in Finland during 1971. Our study was restricted to women who were born in Helsinki University Hospital and who attended child welfare clinics, which were voluntary. The women may therefore be unrepresentative of all women living in Helsinki, but this would introduce bias only if the associations between growth and coronary heart disease differed between those who were and those who were not included in the cohort. We have previously reported that the social class distribution of this cohort during childhood was similar to that of the city as a whole. 5 Among the children in this cohort, 63% were born into the families of labourers and 43% lived in houses with only one room. Our study data do not include information about nutrition, and associations between growth and nutrition were therefore inferred from published clinical and experimental data.
9-11
Comparisons with other studies The association between low birth weight and coronary heart disease in women has previously been shown in the UK, 15 the American Nurses' Study, 6 Sweden, 3 and India. 7 Consistent with findings in the 1924-33 Helsinki cohort, 4 we found that Figure 1 The growth of girls who later developed coronary heart disease. short length at birth predicted coronary heart disease more strongly than low birth weight. This association is thought to reflect fetal undernutrition. 8 We found that coronary heart disease was associated with small placental size, a known correlate of fetal undernutrition in humans. 16 Coronary heart disease was not related to small body size at age 1 year. This is consistent with findings in Hertfordshire, UK, where girls' weight at 1 year of age had no effect on disease risk. 15 In the Hertfordshire study body size was not measured beyond 1 year of age.
Compensatory growth
After a period of undernutrition and reduced growth children may undergo accelerated or so called catchup or compensatory growth.
14 The girls in our study who later developed coronary heart disease were short at birth. They caught up in height during infancy, but in doing so became thin. At around 4 years of age their weights and body mass indices began to increase rapidly. We suggest that this was compensatory, triggered by their thinness at that time. Several possible mechanisms exist by which reduced fetal and infant growth and accelerated weight gain in childhood may lead to coronary heart disease. Babies who are short at birth lack muscle, a deficiency that will persist, as the critical period for muscle growth is around 30 weeks in utero and there is little cell replication after birth. 17 If they develop a high body mass index in childhood they may have a disproportionately high fat mass. This may be associated with the development of insulin resistance, as children and adults who had low birth weight but have become heavy are insulin resistant. 18 19 Comparison between the sexes When compared with girls from the same cohort, born to the same group of mothers, boys who later developed coronary heart disease were thin at birth, rather than short, and remained thin during infancy.
5 After 1 year of age the boys who developed coronary heart disease had rapid gains in weight and body mass index. We again suggest that this was compensatory and triggered by thinness. Because they grow more rapidly in utero than girls, 14 20 21 boys may be more vulnerable to undernutrition at that time and respond to it differently. After birth they are generally less well able to sustain postnatal growth in adverse environments.
14 Among both women and men coronary heart disease was associated with poor educational attainment and with low social class during childhood (table 4)-though in women the latter was a weak and non-significant trend. One possible explanation for the association with poor education is that it reflects general aspects of poor childhood fitness that are also related to long term health. 22 Low levels of education may also be associated with less healthy behaviour in adult life. If this explained our findings, however, it is surprising that coronary heart disease among women in the cohort was not associated with poor living standards in adult life. Among women neither social class nor low household income was associated with coronary heart disease, whereas there were strong trends among men. 13 These associations in men, however, were confined to those who were thin at birth.
Conclusion
Within one cohort, girls and boys who later developed coronary heart disease had similar patterns of growth. Slow fetal growth was followed by rapid weight gain in childhood. As in an older cohort of girls born in Helsinki, 4 girls who later developed coronary heart disease were short at birth. They caught up in height during infancy but became thin, and began to gain weight rapidly around 4 years of age. The boys were thin at birth, remained thin during infancy, and began to gain weight rapidly around 1 year of age. In both sexes disease risk was determined by the tempo of childhood weight gain rather than by the body size attained at any particular age. Independently of growth, low educational achievement was associated with increased risk of disease. 
Extreme hypertrophic cardiomyopathy
A 21 year old Jamaican woman with hypertrophic cardiomyopathy (HCM) was referred for sudden death risk assessment. The initial diagnosis of HCM was made at the age of 13 years and mild exertional dyspnoea has occurred since age 15 (New York Heart Association functional class II), but without syncope or chest pain. There is no family history of HCM or sudden death.
The patient's blood pressure was 104/ 60 mm Hg and a grade 3-4/6 systolic ejection murmur was present at the apex. ECG showed diffuse T wave inversion, increased R wave voltages in V5 and V6, and deep S wave in V1 and V2.
The phenotype of HCM was striking. A two dimensional echocardiogram revealed massive and diffuse left ventricular (LV) hypertrophy; posterior free wall = 55 mm; anterolateral free wall = 50 mm; posterior ventricular septum = 40 mm; and anterior ventricular septum = 32 mm. Mitral valve systolic anterior motion was marked with prolonged septal contact. Doppler estimated a 100 mm Hg LV outflow gradient at rest. The LV end diastolic dimension was 31 mm and the left atrium was 42 mm.
Based on the extreme degree of LV hypertrophy, a cardioverter-defibrillator was implanted prophylactically for primary prevention of sudden death. Over the subsequent two years, the device has not discharged.
This patient exhibits an extreme phenotypic expression of HCM exceeding virtually all other patients with this disease. The LV hypertrophy was massive and diffuse, involving all segments of the wall (> 50 mm in two regions, 40 mm in one region, and predominantly involving posterior free wall), and pronounced obstruction to the LV outflow was also present under basal conditions. B J Maron S A Casey A K Almquist hcm.maron@mhif.org
